Objective To analyse the most frequent self-reported adverse reactions (ARs), the durability and the causes of antiretrovirals (ARVs) regimens change, concomitant treatments and drug interactions related to the use of ARVs in a group of people living with HIV in Cuernavaca, Morelos, Mexico. Materials and methods Cross-sectional study conducted in a clinic specialising in HIV 'CAPASITSCuernavaca' in Mexico from February to June 2015. People who wanted to participate were given a questionnaire on demographic characteristics, adherence, concomitant treatments and ARs. To understand the clinical variables, the clinical records were reviewed. Quantitative variables were compared using Student's t-test for normal data and the Mann-Whitney U test for non-normal data. For comparisons between categorical variables, the χ 2 test was used. All tests used a significance level of 0.05. Results A total of 96 people participated, and 218 ARs (mean= 2.3±1.9) were found. The most frequently encountered ARs were dizziness (53.1%), insomnia (21.9%) and lucid dreams (17.7%). Twenty-three people (24%) were polymedicated, and 18 potential interactions were detected in 12 people. Conclusions The results suggest that a thorough analysis of the possible drug interactions should be performed for polymedicated people on ARV treatment and that a protocol should be designed for the monitoring and management of AR to ensure a good adherence to ARV treatment.
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InTROduCTIOn
More than 20 antiretrovirals (ARVs) have been adopted for the treatment of HIV infection type 1 (HIV-1). 1 Currently, in Mexico, only some of these ARVs are recommended in combination for both initial and rescue therapy (CENSIDA, 2014). 1 The main objective of ARV treatment is to reduce the viral plasma load for as long as possible, producing a positive impact on restoring the immune system, with a gradual increase in the CD4 lymphocyte counts. This increase is reflected in a decrease in morbi-mortality and an increase in the health-related quality of life. 2 However, these benefits require the timely prescription of ARV drugs, the monitoring of their sustained viral suppressor effect and the prevention of and timely actions taken against the emergence of drug-related problems.
The use of ARVs is associated with adverse effects of varying nature and severity and should be considered when selecting the therapeutic scheme. 3 A large amount of complications that can endanger the patient's life (liver toxicity) favour the abandonment or contribute to non-adherence to ARV treatment (such as psychiatric symptoms: anxiety and depression) or increase the risk of cardiovascular disease (dyslipidaemia, insulin resistance). [4] [5] [6] A very important aspect during ARV therapy is to identify, prevent and manage adverse reactions (ARs) to achieve the therapeutic objective.
It has been previously demonstrated in a wide variety of chronic diseases that providers consistently under-report patients' symptoms and ARs severity. [7] [8] It has been observed that the clinical importance of ARs reported by patients is more strongly associated with health-related quality of life, survival or risk of hospitalisation than the ARs reported by providers. 9 An accurate assessment of the symptoms reported by the patients can be a good option, relatively inexpensive and clinically relevant, that can help optimise adherence to ARV treatments. 10 We must also take into account that in people living with HIV, the use of concomitant treatments is common and increases with the presence of co-morbidities and/or increasing age. 11 According to the definition of the WHO, polypharmacy is 'the administration of multiple drugs simultaneously', 12 which leads to an increase in likely drug interactions, duplication of treatment and increased adverse effects; polypharmacy is another barrier to therapeutic compliance, as it is associated with increased risk of non-adherence. 13 It is estimated that the clinically relevant interactions between ARVs and concomitant medications can reach rates of 20% to 40% and could have fatal consequences. [14] [15] In Mexico, several clinics specialise in HIV care; however, there are few records of the ARs and drug interactions presented most frequently when using ARVs. The objective of this work was to analyse the most frequent patient-reported ARs, concomitant treatments and drug interactions related to the use of efavirenz (EFV) in a clinic specialising in HIV. The durability and the causes of ARVs treatment change related to ARs have also been described.
MATeRIAlS And MeThOdS
The study was conducted in 'CAPASITS-Cuernavaca', a clinic specialised in HIV, from February to June 2015. The city of Cuernavaca is located in the State of Morelos, 77 km away from Mexico City. In Mexico, public health services have provided universal access to ARV therapy since the year 2000. 'CAPASITS-Cuernavaca' launched this service on July 2003 and on January 2016 a total of 1426 people living with HIV were receiving medical care. Nine hundred of them are being benefited with ARV treatment. 'CAPASITS-Cuernavaca' is a health unit that provides services for the prevention and specialised care of patients with HIV and sexually transmitted infections, on an outpatient basis. It has medical, dental, psychological, nutritional and social work services. The pharmaceutical care service, where ARs are recorded, was established on January 2016.
The management of ARs is performed according to their severity. If the AR does not put at risk the life of the patient, pharmacological and non-pharmacological strategies are employed to manage symptoms, maintaining the same ARV therapy. If the AR continues and it is considered severe, the ARV must be replaced.
The current study is a secondary analysis of a prior work called 'CYP2b6 Gene Polymorphisms and Efavirenz Plasma Concentrations' (unpublished data). Recruitment criteria included people at least 18 years of age living with HIV, with ARV treatment that included EFV and routine medical consultation at a 'CAPASITS-Cuernavaca'. Pregnant women, imprisoned people or people with psychiatric disorders were excluded from the study. The following parameters from the prior study were used to calculate the sample size: total population of patients on EFV therapy 700, allelic frequencies of the CYP2b6 previously reported by Haas et al 16 for a Hispanic population 35% and 95% CI with a marginal error of 10%.
The project was approved by the Bioethics Committee of the Henry Dunant Hospital in Cuernavaca, Morelos, Mexico (20 February 2015) . All participants, after signing informed consent, were administered a questionnaire on demographic characteristics, adherence, concomitant treatments and AR, by a trained clinical pharmacist. The questionnaire included a list of common EFV-related symptoms which were identified based on clinical experience and previous reports. 17 The clinical records were reviewed to discover ARV and concomitant treatments, HIV viral load, CD4 lymphocyte count and reasons for ARV treatment changes. ARs were taken as any undesirable symptoms reported by the participants that were perceived to be the result of the use of EFV. In order to convert the ARs into dichotomous variable, the patient-reported ARs were stratified into two groups: low (0-2 symptoms) and high (≥3 symptoms). Mean number of patient-reported ARs was considered as the cut-off point. A person was considered polymedicated when taking three or more drugs, not including the ARV. Treatment adherence was evaluated through the implementation of the Simplified Scale for Detecting ARV Adherence Problems (SSDAAP) questionnaire as described by Ventura-Cerdá et al, 18 which consists of six questions with dichotomous responses: positive or negative. The scale is scored one point for each positive response and zero point for each negative response. The total score is the sum of the responses (1 point minimum and 6 points maximum). The first two questions must be answered positively to consider the patient free of adherence problems. If any of the two is negative, the total score is one point, regardless the rest of the answers. The patients were considered adherent (5-6 points) or non-adherent (1-4 points). For the detection of drug interactions, the database of HIV drug interactions maintained at the University of Liverpool (www. hiv-druginteractions. org) 19 was consulted, which classifies interactions as drugs that cannot be co-administered, drugs with potential interactions (PIs) and drugs that are not expected to interact (the latter were not considered in the analysis). Only ARV-non-ARV drug interactions were considered.
Descriptive analyses of participants were carried out. Continuous variables were expressed in mean and SD. 
ReSulTS
There were 105 patients invited and 101 accepted to participate. Five patients were excluded because there was not enough information in clinical records or they could not answer the entire questionnaire. A total of 96 participants were included; the demographic and clinical characteristics of the population are listed in table 1. In total, 83.3% of the participants were male, the average age was 37 years±11.1 and the average time of HIV diagnosis was 63.1±46.6 months. Most of the population had more than 9 years of schooling (55.2%), and 10.4% of the population reported abusing drugs.
At the time of the study, all participants took EFV, either in combination with emtricitabine (FTC) and tenofovir (TDF) (85.5%) or in combination with lamivudine/abacavir. Sixty-two participants (64.6%) were in their first-line ARV regimen, and 34 people had passed to a second-line regimen. The main reason for this change was the presence of ARs, followed by simplification of treatment; one patient exhibited virological failure. Of these Original article 34 people, 26 (76.4%) remained in the second-line regimen. Six (17.6%) had passed to a third-line regimen, and two (5.8%) were in their fourth-line ARV regimen (table 1). Other reported reasons for changes in ARV treatment included personal reasons, shortages of medicine, information not recorded in the chart or inability to refrigerate the drug (ritonavir) (table 2). 1) . In four cases, drugs were required to treat the AR, and a single case required hospitalisation. The group of non-adherent participants suffered more ARs on average than the adherent group (3.2 vs 1.9, respectively, p=0.006) (table 3) . Although no statistically significant differences were detected for the other variables analysed, it was noted that the people who reported high ARs took more medication on average (polymedication 1.9 vs 1.5, p=0.262), had more months of ARV treatment (46.5 months vs 38.6, p=0.301) and had longer time intervals since their diagnosis of infection (62.7 months vs 60.4 months, p=0.597) than people with low ARs. There were no differences with the sociodemographic variables: sex, drugs use and schooling (data not shown).
Patient-reported ARs
A total of 218 ARs declared by the participants were identified
drug interactions
A total of 18 drug interactions were found, all of which were PIs. There were no interactions of drugs that could not be co-administered. Twelve people (12.5%) had one or more PIs. The PI that presented most frequently was itraconazole/TDF/EFV (six people), followed by pravastatin/EFV (three people) and trimethoprim/sulfamethoxazole/FTC (three people). Naproxen/ FTC/EFV/TDF and diclofenac/EFV/TDF both presented in two people, and warfarin/EFV and verapamil/TDF/EFV each presented in one person. Naproxen was self-medicated in one of the two cases found.
The average age of the participants with one or more PI was greater than the age of those who did not have any PIs (42.5 years vs 36.3 years, p=0.073) (table 3) .
Analysis of the relationship between the presence of PI and viral load revealed that 41.7% of the people who reported a PI presented an average viral load of 2.25 log 10 copies RNA/ mL, while those without PIs had a viral load of 1.75 log 10 copies RNA/mL (p=0.013). There were also differences in CD4 counts: the group of people without PIs had higher CD4 counts than the group with PIs (529 vs 329 cells/mm 3 , respectively, p=0.01) (table 3). 
Polymedication
It was found that 23 people (24%) were polymedicated. The average age of polymedicated people was 41.9 years±10.7, while those who were not polymedicated had an average age of 35.6 years±10.9, p=0.012. Likewise, it was noted that the polymedicated people had more PIs than the non-polymedicated (p=0.001).
dISCuSSIOn
This work found that participants take 3.9 years on average to reach the first change in their ARV regimen (table 2) . These data differ from those presented in a study from Spain in which the average duration for the change of the first-line ARV regimen was <1.5 years. 2 Another study conducted in the USA reported averages of 1.7 years in the first-line regimen, 1.2 years in the second-line regimen and 1.5 years in the third-line regimen. 20 More recently, a Spanish population showed better tolerance to ARV treatments in regimens containing non-nucleoside reverse transcriptase inhibitors, with an average of 31 months reported. 21 The reasons for shorter times between changes in the ARV regimen in these countries could be related to the fact that these locations have more alternatives for ARV treatment and better recording of ARs that allow the doctor to modify or change the ARV regimen.
According to the information reported by participants, 87.5% suffered at least one AR, results that match those reported in other studies. [22] [23] Likewise, differences were observed in the number of patient-reported ARs between adherent and non-adherent participants. Ickovics et al 24 reported that patients without ARs were 12.8 times more likely to present 95% or greater adherence when compared with patients with ARs. In the Adherence Italian Cohort Naive Antiretrovirals (AdICONA) study, non-adherent patients reported an average of ARs higher than adherent patients. 10 These results lead us to assume that perception of the patients´ health could be contributing to the low adherence to ARVs, that is, when a patient begins feeling that the use of their therapy causes discomfort, they stop taking it or take it inappropriately.
This work reports that the change in ARVs regimens took place mainly as the result of severe ARs. Mild or moderate ARs like the ones reported by the patients in this study can be managed by pharmacological and non-pharmacological strategies only for the management of symptoms. Nevertheless, the physician or the pharmacist must be alert to detect those persons who report ARs, even though these ARs are mild or moderate providing information about the most frequent ARs and establishing the appropriate intervention strategies to prevent and manage them. These strategies should diminish the non-adherence risk and therefore should also diminish the risk of ARVs treatment failure.
It was noted that the group of polymedicated people had greater numbers of ARs and PIs and greater age, which is understandable, as older age increases co-morbidities, such as cardiovascular disease, osteoporosis, dislipidaemias and diabetes mellitus. 11 This relationship gives rise to individuals who suffer from consuming a greater number of drugs not related to the ARV therapy, putting them at risk of suffering more AR and drug interactions, many of which can be PIs that require dose adjustment or close monitoring and even drug interactions that can put their lives at risk.
Likewise, it was noted that in the group of non-adherent participants, a greater number of drugs were administered. Even if the data were not statistically significant, they agree with those reported by Cantudo-Cuenca et al, 13 who noted that polymedication is a predictor of non-adherence to ARV treatment. It is important to remember that adherence is a determining factor in the effectiveness of suppressing viral replication, avoiding resistance and minimising co-morbidities. 25 The total percentage of clinically relevant interactions found in this population was 18.7%, a lower rate than reported recently by Cervero et al 26 in Spain, who found that 29.11% of a group of 142 participants had at least one PI. These differences can be mainly due to differences in the prescribed ARV regimes between these two populations.
This study observed that the group of participants with PIs had a higher viral load and a lower number of CD4 cells than the group without PIs. These data may suggest that the effectiveness of ARV treatment could be compromised by PIs. Previous studies using other ARVs found no association between viral load and the presence of PIs. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Therefore, it is very important to carry out more studies to determine the clinical relevance of PIs, in particular those in which coadministration has not been studied.
Furthermore, in Mexico, there is a strong tendency for self-medication, to the extent that some reports have considered this behaviour a health problem. [28] [29] Therefore, it is important to consider the risk of administering ARVs as pre-exposure prophylaxis, as is practised in some countries as a way to reduce the incidence of HIV infection. 30 In addition, we must consider the use of recreational drugs and medicinal plants that could interact with ARVs to make them less effective and that could also generate ARs that could put lives at risk.
Finally, even if the main therapeutic objective of the ARV therapy is achieved in this group of people, that is, to diminish the viral load and to establish high CD4 levels, it is also necessary to achieve effective and safe ARV regimes that are capable of reducing ARs to promote adherence to treatment and to improve the quality of life.
Based on the results obtained in this study, we can assume that polymedication could generate an increase in PIs. These types of interactions can modify the pharmacokinetics or pharmacodynamics of ARVs and could lead to an increase in viral load and a decrease of CD4 lymphocytes. Furthermore, polymedication may cause an increase in ARs as a result of non-adherence to ARVs. Supported on these results and in the clinical practice carried out in 'CAPASITS-Cuernavaca' health unit as well as the
Key messages
What is already known on this subject Several studies have independently analysed the importance of clinical significance of adverse reactions (ARs), polymedication and drug interactions, good adherence efficacy to ensure antiretroviral (ARV) success and duration of ARV treatment regimens in the course of HIV infection.
What this study adds
This work analysed the most frequent patient-reported ARs, durability and the causes of ARV regimens change, concomitant treatments and drug interactions related to the use of ARVs in a clinic specialising in HIV. Our results indicate that polymedication is associated with potential interactions and greater numbers of ARs, which in turn could generate low adherence to ARV treatment and an increase in the viral load. All these factors could favour the therapeutic failure. Even when the therapeutic failure is a multifactorial process, understanding the role of each of these factors is important to improve quality of life.
Original article
recommendations described in the 'ARV Management Guide for people with HIV / AIDS', 1 it is suggested to incorporate professional pharmaceutical practices such that during polymedication, the following can be achieved: (a) drug interactions should be analysed to identify those that are contraindicated or potentially contraindicated; (b) validated protocols should be produced to determine the adherence to ARV treatments; and (c) doctors and pharmacists should have access to the list of drugs that the patient is receiving, with information on doses and times of treatment, even if they belong to other areas, so that ARV prescriptions can be given safely and effectively.
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